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Abstract 
The aim in this paper was to explore the cognitive abilities of students of pedagogical faculty and their relationship with 
academic achievement and whether their cognitive abilities are related more to the traditional didactic test (reflecting learned, 
crystallized abilities) or to the measure of tacit knowledge (extra-class low-effort activities that help to promote academic 
achievement). Paper presents two case studies using the same measure of cognitive abilities (Vienna matrix test) and tacit 
knowledge (participation in extra course activities), but at two different courses using different final exam tests. The results show 
only weak correlations between cognitive abilities and final evaluation in the given courses. Tacit knowledge served as better 
predictor of academic achievement and we found gender differences in strategies for enhancing academic achievement. The 
results are discussed in terms of difference between optimal and typical performance.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Intelligence as predictor of school achievement 
Despite many controversies and debates regarding what intelligence tests actually measure and to what extent is it 
practical (Stanovich, 2009; Sternberg, Wagner, & Ree, 1993), there is a prevailing agreement that general 
intelligence (or g factor) predicts many achievements also outside the school realm (Gottfredson, 1997), such as 
unemployment, income, extra-marital pregnancies, divorce, crime, etc.  
School achievement can be defined as demonstrated knowledge required for fulfillment of content of educational 
standards. This definition is reflected in operationalized academic achievement by overall score from various 
standardized didactic test (e.g. SAT, LSAT, GMAT, etc.). Often the most frequently used operationalization of 
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academic achievement is the final grade from majoring subjects or the average score from these subjects. On the 
other hand, we can define academic achievement more broadly as consent between requirements of school and 
performance, personality and development of the student. In other words, to be successful in school a student does 
not need to fulfill only academic standards (to pass the tests, etc.), but also to be able to present his or her knowledge 
adequately, to form relationships with teacher and classmates, to engage in activities that would compensate for his 
or her underperformance, etc. This is the kind of intelligence termed practical intelligence for school, which refers to 
the individual’s understanding of, and ability to respond appropriately to, demands of school environment (Williams, 
Blythe, White, Gardner, & Sternberg, 2002).  
This broader view is reflected also in Sternberg’s conception of successful intelligence (Sternberg, 1999, 2003), 
which consists of three components: academic, creative and practical intelligence. Practical intelligence is often 
reflected in tacit knowledge, i.e. knowledge that one uses without being explicitly aware of possessing such 
knowledge, or to follow the implicit rules in a given environment, i.e. set of procedural-knowledge skills that are 
relevant to their adaptation to real-world environment (Cianciolo et al., 2006; Sternberg et al., 2000; Williams et al., 
2002).  
1.1. Academic, practical intelligence and academic achievement 
Due to many concerns about generality of g factor (general intelligence) and constricting the general processes to 
just academic intelligence (Sternberg, Castejón, Prieto, Hautamäki, & Grigorenko, 2001), quite straightforward 
relationship between academic achievement and academic intelligence should be expected. Fagan and Holland 
(2009) used culture-fair test of new knowledge (as indictor of intelligence in broad sense of processing ability to 
acquire new knowledge) and it showed moderate correlations with measures of academic achievement (brief SAT 
scores and class exam scores). The studies examining practical intelligence and its relationship to academic 
intelligence, academic achievement or some real-life outcomes show inconsistent results. Practical intelligence 
predicted adaptive functioning better than academic intelligence (Grigorenko & Sternberg, 2001). In the study from 
2001 Sternberg, Nokes, et al. (2001) found no or weakly negative correlations between tacit knowledge (measure of 
practical intelligence) and academic intelligence and achievement. They suggest that reason for these results is that 
time spent developing academic skills takes time necessary to develop tacit knowledge, which is considered as more 
important in a given community of Kenyan village. In the Turkish setting, Ekinci (2014) found that especially grades 
from mathematics, social science and science were related to analytical (academic) intelligence, and partly also to 
creative and practical intelligence, with correlations of moderate level. In Slovakia, Halama and Tomková (2005) 
analyzed relationships between verbal intelligence and school grades and they found that verbal-logical thinking is 
the strongest predictor of a academic achievement.
However, our previous studies with school children (Malá & ýavojová, 2009) found no relationship between 
school achievement of children and their cognitive abilities measured by Woodcock-Johnson tests of cognitive 
abilities (WJ IE) and we did not find evidence for practical intelligence of Roma pupils (ýavojová & Beloviþová, 
2010). In our previous studies we examined academic and practical intelligence in school children from minority 
population. In this study we were interested if the same concepts can be applied to college students, who are 
considered as more “prominent” population and higher cognitive abilities are expected.  
1.2. The aim of the paper 
Intelligence is cognitive ability that carries strong evaluative connotations and is linked with several positive 
outcomes (Gottfredson, 1997; Sternberg, 2003b). However, it is often the case that we wonder that some educated 
person does not show excess of intelligent behaviour (not to mention rational behaviour). Therefore, our main aim in 
this paper was to explore the cognitive abilities of students of pedagogical faculty (future teachers) and their 
relationship with academic achievement. In other words, are the future teachers role models showing high level of 
cognitive abilities and academic achievement? And our secondary concern was whether their cognitive abilities are 
related more to the traditional didactic test (reflecting learned, crystallized abilities) or to the measure of tacit 
knowledge (extra-class low-effort activities that help to promote academic achievement)? 
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2. Methods: Study 1: Social psychology 
2.1. Participants and procedure 
A total of 256 participants took part in the study. The participants were all students at a pedagogical faculty of 
large university in Slovakia who attended the course of Social Psychology as a requirement for their training of 
future teachers of various approbations. The pool of participants consisted of students attending the course during 
two semesters. We labelled them Sample 2013 (N=81) and Sample 2014 (N=175). As a voluntary option to receive 
extra credits for the final exam, they were offered to participate in various experiments and surveys via internet 
survey survio.com, where we collected data about their cognitive abilities. 
2.2. Measures 
Participants completed a cognitive abilities measure via survio.com and their study achievement was assessed by 
the scores in their final exam test. 
2.2.1 Cognitive ability: Vienna matrix test (VMT) 
VMT is based on the classical Raven’s test of progressive matrices – two items are from Standard Progressive 
Matrices and 1 from Advanced Progressive Matrices constructed by Raven. It consists of 24 items in increasing 
difficulty and is time-limited (25 minutes). Every task contains picture matrix 3x3 with the missing picture in the 
third row. The task of the participant is to fill in correctly one of the eight possibilities. The essence of the test is to 
find out the pattern and the test contains several different patterns of rules (distribution of symbols in the task, 
adding up the symbols, increasing or decreasing the number of symbols or combination of more principles). The 
VMT shows high correlations with Intelligence Structure Test and the authors conclude that it reflects reliably 
general cognitive factor. The test is supposed to be culture-fair as it is based on figural content. We used Czech 
adaptation by Klose, ýernochová, and Král published by Testcentrum in 2002. The mean IQ score for our sample 
(N=136) was 101.21 (SD=17.25). 
2.2.1 Study achievement 
Study achievement consisted of three variables:  
(1) Participants had to take test for final exam, which consisted of 20 multiple-choice questions from the main 
issues of Social Psychology. Test came in 6 versions (A,B,C,D,E,F) and multiple-choice format was designed so 
that for some of the questions more than 1 correct answer was possible. Participant could receive 2 points for fully 
correct answer (choosing all the correct options and not choosing any of the incorrect options) and 1 point for 
partially correct answer (choosing at least one of the correct options), so the maximum total score was 40 points for 
the test. Mean score from the test was 21 points (SD=6.3). 
(2) Participants had opportunity to take part in five different experiments and surveys in the course of the 
semester and receive extra points (2 for each study), so the maximum of points they could receive was 10. This 
represented a measure of tacit knowledge in a sense that we predicted that students thinking more about their study 
results would take the chance to “secure” better study results. 
(3) Total score reflecting sum of obligatory final exam and voluntary participation in experiments. The scale for 
assigning evaluation according to total scores during the semester was made available at the beginning of the course. 
In Slovakia, we use five point grading system to indicate school achievement. Letters that are used for evaluation in 
the third level of education were recoded into numbers so that the higher score reflected better evaluation.  
3. Results 
In the Table 1 we present descriptive statistics for the students taking exams in Social Psychology during the two 
semesters – they are labeled by the year in which they attended the course (2013 for winter term and 2014 for 
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summer term). We can see that the two samples substantially differed in all three studied variables Sample 2013 
scored significantly lower in the final test (t=-6.661, p<.001) and also their overall evaluation was significantly 
lower (t=-3.535, p<.001). On the other hand, their score in intelligence test was significantly higher (t=3.757, 
p<.001). 
Table 1 Descriptive statistics for two samples of students attending the course of Social Psychology in 2013 and 2014 
2013 (N=81) 2014 (N=175) 
Mean Median Std. Deviation Mean Median Std. Deviation 
Final exam 17.46 17 5.12 22.66 22 6.1 
Tacit knowledge 3.40 3 2.49 2.51 2 4.11 
Final evaluation 1.45 1 1.36 2.09 2 1.35 
IQ (VMT) 107.65 110 15.71 96.83 98 16.96 
Because of these differences we performed correlation analysis separately for the two samples. The results in 
Table 2 showed moderate correlation between IQ and final evaluation in the 2013 Sample, but no such relationship 
was observable in 2014 Sample. 
Table 2 Correlations between intelligence and study achievement measures 
rok IQ (VMT) Final exam Tacit knowledge Final evaluation
2013 IQ (VMT) r 1 0.245 0.125 .274* 
p 0.071 0.364 0.043 
Final exam r 0.245 1 0.182 .890** 
p 0.071 0.105 ф.001 
Tacit knowledge r 0.125 0.182 1 .507** 
p 0.364 0.105 ф.001 
Final evaluation r .274* .890** .507** 1 
p 0.043 ф.001 ф.001 
2014 IQ (VMT) r 1 0.094 -0.101 0.155 
p 0.406 0.371 0.175 
Final exam r 0.094 1 -0.078 .586** 
p 0.406 0.307 0 
Tacit knowledge r -0.101 -0.078 1 .321** 
p 0.371 0.307 0 
Final evaluation r 0.155 .586** .321** 1 
p 0.175 ф.001 ф.001 
Regression analysis showed that intelligence can be used as predictor of final evaluation in 2013 Sample (St. 
ȕ=.273, t=2.072, p=.043), but it explained only 5.7% of total variance. However, when used together with measure 
of tacit knowledge, tacit knowledge showed as better predictor for final evaluation for both samples: in 2013 Sample 
St. ȕ=.403, t=3.209, p=.002 and for Sample 2014: St. ȕ=.247, t=2.227, p=.029. Tacit knowledge predicted 14.7% of 
total variance in 2013 Sample, but only 5% in 2014 Sample, but in both cases it was much higher than intelligence 
could predict. 
Finally, we examined gender differences, although there was large discrepancy between the number of men and 
women in the sample. Moreover, we present gender differences only for the 2014 Sample, because we did not 
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collect data for gender in the 2013 Sample. We found that there was no difference in IQ (t=1.009, p=.316) and final 
evaluation (t=-.531, p=.596), but there was difference in both test score (t=2.427, p=.016) and tacit knowledge (t=-
3.839, p<.001) – while men scored significantly higher (24.25) than women (21.89) in the final test, women scored 
significantly higher in tacit knowledge (.85 vs. 3.31). 
4. Discussion 
Our main finding from the Study 1 was relationship between intelligence and academic achievement only in the 
sample with the higher intelligence. However, first, it is important to discuss revealed differences between the two 
samples – why the 2013 sample scored so low in the test and why they showed higher intelligence? First 
consideration is the size of the sample – Sample 2013 was smaller, therefore it was more likely to be biased. The 
next consideration is the way of administration of both measures of intelligence and academic achievement. Sample 
2013 volunteered for intelligence testing, which was administered in group by the two authors of the study and they 
received (anonymous) feedback about their intelligence score, while Sample 2014 did intelligence testing as a part 
of larger battery of cognitive abilities and attitudes measures through the internet and it was not made explicit that it 
was intelligence testing. (They were told that their reasoning skills are being tested and they could ask for feedback 
about their level of intelligence). This can represent difference between optimal performance (Sample 2013) and 
typical performance (Sample 2014) (Stanovich, 2009, 2011). Also, there were differences in preparation for the test 
from the side of a teacher (albeit unconscious) – although the test the both samples took was the same, it was 
constructed at the end of the term for Sample 2013 so the teacher could not stress beforehand the issues she knew 
would occur in the final exam. On the other hand, because the test was already constructed, she could stress some 
problematic issues during the next term for the 2014 Sample. These two methodological pitfalls of the Study 1 
disable to make generalizations, but on the other hand, they highlight the importance of instruction (stressing 
optimal performance) and experimenter effect. They also serve as support of claim that lack of relationships 
between critical thinking tasks and intelligence are due to differences in optimal vs. typical performance (Stanovich, 
2011). 
Making salient the need for optimal performance probably caused better results in intelligence score and together 
with higher difficulty of the test (because they were not told beforehand the issues they have to concentrate mostly, 
so they needed to study according to their estimate what is considered the most important issue to appear on the test) 
– these are probably the two most important factors behind the correlation between intelligence and academic 
achievement. 
Quite of interest is also, that despite no differences in intelligence, men had better ability to estimate the 
important issues that would appear on the test, while women undertook more “secure” way be ensuring extra points 
by engaging in extra course activities and thus compensating their lower test scores. 
5. Methods: Study 2: General Psychology and Ontogenetic Psychology 
Study 2 had the same design and the same research questions as Study 1, but we examined relationship between 
intelligence and academic achievement in the different course – General Psychology and Ontogenetic Psychology. 
This subject is mandatory for all future teachers – not only of different majors but also for future teachers in 
kindergartens and elementary schools. 
5.1. Participants and procedure 
A total of 425 participants took part in the study (86% women; age ranged from 19.83; SD=2.73). The 
participants were all students at a pedagogical faculty of large university in Slovakia who attended the course of 
General Psychology and Ontogenetic Psychology as a requirement for their training as future teachers of various 
approbations. As a voluntary option to receive extra credits for the final exam, they were offered to participate in 
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various experiments and surveys via internet survey survio.com, where we collected data about their cognitive 
abilities. 
5.2. Measures 
Participants completed the same measures as in Study 1: measure of cognitive abilities was administered in group 
session by both authors of the study and their study achievement was assessed by the scores in their final exam test. 
2.2.1 Cognitive ability: Vienna matrix test (VMT) 
Participants completed VMT (for more details see Study 1) and the mean IQ score for our sample (N=425) was 
106.92 (SD=13.67). 
2.2.1 Academic achievement 
Study achievement consisted of three variables:  
(1) Participants had to take test for final exam, which consisted of 30 multiple-choice questions from the main 
issues of General Psychology and Ontogenetic Psychology. Test came in 3 versions (A, B, C). 15 questions with 
multiple-choice format were designed so that for some of the questions more than 1 correct answer was possible. 
Participant could receive 1 point for fully correct answer (choosing all the correct options and not choosing any of 
the incorrect options) and from 0.8 point (choosing one incorrect options or not choosing one correct answer) to 0.2 
point (choosing four incorrect options or not choosing four correct answers) for partially correct answers. Next 15 
questions had true-false format and participants could receive 1 point for correct answer. The maximum total score 
was 30 points for the test. Mean score from the test was 19.38 points (SD=4.18). 
(2) Participants had opportunity to take part in four different experiments and surveys in the course of the 
semester and receive extra points (2 points for three study and 3 points for one study), so the maximum of points 
they could receive was 9. This represented a measure of tacit knowledge in a sense that we predicted that students 
thinking more about their study results would take the chance to “secure” better study results. 
(3) Total score reflecting sum of obligatory final exam and voluntary participation in experiments. The scale for 
assigning evaluation according to total scores during the semester was made available at the beginning of the course. 
In Slovakia, we use five point grading system to indicate school achievement. Letters used for evaluation in the third 
level of education was recoded into numbers so that the higher score reflected better evaluation.  
6. Results 
In the Table 3 we can see descriptive results for scores from final exams, tacit knowledge, final evaluation and 
intelligence.  
Table 3 Descriptive statistics for students attending the course of General Psychology and Ontogenetic Psychology 
N=425 
Mean Median Std. Deviation 
Final exam 19.37 19.6 4.18 
Tacit knowledge 6.55 7 2.51 
Final evaluation 3.28 3 1.48 
IQ (VMT) 106.92 107 13.67 
The results of correlational analysis (Table 4) show weak correlations of intelligence with tacit knowledge and 
final evaluation, but not with the final test. 
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Table 4 Correlations between intelligence and study achievement measures 
  






IQ (VMT) r 1 0.069 0.118* 0.102* 
p 0.154 0.015 0.036 
(1) Final exam r 0.069 1 0.054 .749** 
p 0.154 0.266 0.000 
(2) Tacit knowledge r 0.118* 0.054 1 .275** 
p 0.015 0.266 0.000 
(3) Final evaluation r 0.102* .749** .275** 1 
p 0.036 ф.001 ф.001 
Regression analysis showed that intelligence can be used as predictor (St. ȕ=.102, t=2.108, p=.036), but it 
explained only 0.8% of total variance. Again, when used together with measure of tacit knowledge, tacit knowledge 
showed as better predictor for final evaluation (St. ȕ=.275, t=5.873, p=.000). Tacit knowledge predicted 7.3% of 
total variance, what is higher than intelligence could predict. 
Again, we explored also gender differences and we found that women scored significantly higher (N = 364; M = 
3.37, SD = 1.47) than men (N = 61; M = 2.74; SD = 1.41) in the final evaluation (t = -3.109, p = .002), i.e. women 
received better final grades from the course than men. 
7. Discussion 
We found relationship between intelligence and academic achievement, as in the Sample 2013 from Study 1, 
maybe because of the same conditions of VMT administration. So these findings also support assumption that lack 
of relationships between critical thinking tasks and intelligence are due to differences in optimal vs. typical 
performance (Stanovich, 2011). 
8. General discussion and conclusion 
The main aim in this paper was to explore the cognitive abilities of students of pedagogical faculty (future 
teachers) and their relationship with academic achievement. We found, somewhat disappointingly, that our future 
teachers are not prime examples of high level cognitive abilities. Their intelligence is average, at best, and it was 
disturbing to find so many examples of low level intelligence at the college level of education. It also seems that 
both tests (for Social Psychology, also for General Psychology and Ontogenetic Psychology) were quite demanding 
for students – in average they received only half of the possible points. For most of them it was necessary to 
participate in the extra course surveys just to collect enough points to pass the final exam. Therefore, it is quite 
difficult to conceptualize participating in extra course surveys as measure of tacit knowledge – we would need, at 
least, to distinguish those who participated during the semester form those, who participated just after they failed the 
final test. 
On the other hand, we found that participating in voluntary extra-course activities (whether conceptualized as 
tacit knowledge or not) is better predictor of academic achievement. Our results also suggest different strategies for 
academic achievement for men and women and the importance of offering students a choice, how to enhance their 
academic achievement. Nevertheless, our results mainly reveal the rather unfortunate state of cognitive abilities of 
our future teachers and should be taken into account during the entrance exams and demands we place on future 
teachers. 
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